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ence between the A. S. and the S. I. S., was in 1912 

3.27 per cent I]S;I~-~. -= 1.03271. 

Six years later-in the summer of 1919-1 have now 
had the opportunity to make a new comparison between 
the readings of the Angstriim pyrheliometer No. 15s mid 
the Smithsonian scale at  the observatory of Prof. Kimhall 
of the U. S. Weather Bureau. A number of simultaneous 
readings were taken with No. 158 and t3e newly st.tuidard- 
ized Sniithsonias Silver disk pyrheliometer No. 1. The 
conditions of the sky were not very favoralde, very thin 
cirro-stratus causing irregular disturbances. No. 15s was 
found to read 4 .950 .4  per cent lower than t!:c Smith- 
soniau (August 1919) [“;ht5:.- -- i.org]. 

Imniediat,el aft.er ni ret,um to Sweden, No. 15s was 

time of the observations the conclit,ious of t8he sky were 
very favorable, the at,mosphere being clear, tdlie air very 
pure and calm weather prevailinv. No. 155 was found 

compared by 3br. Lund 5 lad with the A. S. During the 

cent (f 0.1) Power than the 8. S. 
Consequently the difference between 

the A. S. and the S. I. S. 
found to be 3.23 per cent 

There is an escellent agreement bet,ween this d u e  and 
the oiie obt&ed 6 years ago, the difference fulling niudi 
below the probable error (about f 0.2 per cent,). The 
result agrees further very well wit11 resu1t.s of coin arisons 

the A. S. and the S. I. S. to be on the average 3.4 per 
From my comparisons it, may be regarded as a 

safe conclusion, that neither the Angst,rom Stanchrd nor 
the Sniitlisonian Standard has since 1913 been subjected 
to changes which practically need to be considered. The 
previous discussion consequently support.s as well tlie 
opinions expressed by G. Gran uist‘ in regard to the 
h a s t r o m  standard as those of %. G. Abbots in regard 
to the Smithsonian one. 

In a previous paper I have given reasons for assuming 
that 1.8 per cent of the difference between the pyrhe- 
liometer scales may be due to special features in the con- 
struction of the compensation pyrl:eliometer, whose 
readings consequent1 in general ought. to  be corrected 
by + 1.8 per cent. $he remaining 1.5 per cent! I ani still 
inclined to believe to &ere to the Sniitlisonian scale, 
the measurements of Coblentz and of Royds having sup- 
ported the value found by K. hgst.rom for tlie absorption 
power of soot and applied by him to the coniput,ed 
values of yrheliometer constants.’ 

ings, it is, as in tlie case of all instnmients, of great impor- 
tance to make sure that the instrument itself is in un- 
changed condition, at least in its general and perceivable 
feat,ures. No one expects accurate results from the 
readings of a thermometer whose bull) has been hokeii, 
or a barometer whose mercury has been oxidized. In 
using the electrical-compensation pyrheliometer it is 
important to make sure that the strips are straight, 
unlfornily black, and adhering to the supporting frame. 
An important source of error may arise from the fact 

by Marten at Potsdam, who fouad the clifference P Jetween 

In app P ying given constants to pyrheliometric read- 

a W. Marten: Messunger der Sownerstrshlun rn Potsdam In der Jahrcn 1909 lJis 1912. 

4 Bericht tiber die erste Taeune der Strahlunes Kommision des internationalen 
(Verirff. des Konigl. Prcuss. Meteor. Inst.,%o. 2671 

Meteor. Yomitees in Rap er<wyl%ei Zurich in Gptember, 1912, Anhung I V ,  1912. 

p. 318. 

3 Abbot and didrich: 8mit8sonian Misc. Coll. Bd. 60,1913. 
I W. W. Coblentr: Bull. of Bureau ofltandards,O, 193. Royds: Phys. Zeitsehrift 1910, 

that the measurements involve the use of a millammeter 
for reading the compensation current. Generally these 
millammeters are good and their temperature coefficient 
ne ligible-at least my own exlerience with the 

Electrical Instrument Company has been highly satis- 
factory. But it sometimes occurs that instruments 
even of the best make will show considerable errors, 
especially with change in temperature, and a control is 
therefore necessary. Es ecially the ammeters, which on 

control tlirougli comparisoas with other instruments or 
through. nem sbandardization at  certain intervals. These 
precau t,ions taken , the electric a1 conip ens d o n  pyrlielio- 
met,ers seem, accordiao to niy esperience, to be constant 
in their readings. Sleir  disadvautage compared with 
t’lie Smithsonian secondaries lies in their more delicate 
const.iuct.ion and their need of ausiliary instruments. 
Their chief advant,ag.e lies in the possibility of controllin 

resist.ance of the strips, which ought to be possible at 
every well-furnished physical 1aborat8ory; and, further, 
in the possibility of giving alniost, momentary values of 
radiation, which is especially iniportant when one 
att.empt,s to measure, for instmame, tile trwsniission of 
clouds, or tries t.0 follow rapid variat.ions in the radiation. 

To Dr. Abbot, Prof. Gnbal l ,  Dr. Lindholm mid Dr. 
Lundblrtd, niy tlianlrs are due for assistance h com- 
p arisons . 

mi?lamnieters of Siemens and Hals-e L and of Weston 

espedit,ions are carried a F ong with a pyrheliometer, need 

the const,ant, clet,ennmat.ion by measuring the width an f 

COMPARISON OF METHODS FOR COMPUTlNCf DA1I.V 
M EA N TEMPERATURES i -EFFECT 0 F-. D IS CREPANCr ES 
UPON INVESTIGATIONS OF CLIMATOLOGISTS AND 
Bl  OLOG ISTS. 

By F. 2. HARTZELL, dsaockte Entomologist. 

(Author’s abstract of Technical Bulletin No. 68 N. Y. Agricultural Experiment Sta- 
tion, Geneva, N. y., June, 19i9, So, 35 pp., 19 figs.) 

[Dated: Vineyard Laboratory, Agricultural Experiment Station, Fredonla, N. Y., 
Nov. 8,1919.1 

The daily mean t.emperature is the thermal time unit 
in most general use among climatologists and ecological 
workers in botany and zoology; and, usually, this 
average is computed from mRcximum and minimum 
readings taken a t  some convenient hour. The true 
daily mean temperature is secured by mechanically 
hite rtting, with a planimetler, the corrected thermo- 
grn$ curve of the h u m  type of thermograph, or, in 
any case, by summin the average hourly tem eratures, 
nnd dividing the resu Y t by 34 in every case. !F his mean 
is designated tqhe thermogra h average, while the ap- 
prosimate mean, computed P rom masimum and mini- 
mum readings, is known by the hour at which the 
observations were recorded; via, the midnight, 12 p. m., 
8 . m., or 5 p. m. average. 

f t  was found that the thermograph average seldom 
was the same as any of the corresponding approsimate 
averages. The difrerences have been designated dis- 
crepancies”; which are positive if the given avera e is 
greater t,han the thermograph average; negative, if ? ess. 
The cliscre ancies for the various averages a t  Predonia, 
N. P. (LrtIe Erie Valley), for every day of 1916, were 
investigated by means of the statistical methods of 
Pearson. 

In  order to analyze the data, so as to determine the 
effect of the discrepancies on the mean annual tempera- 
ture the discrepancies for each series of averages wexe 
combined in frequency polygons, and the theoretical 
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curves fitted to the observations. Owing to the extreme 
variations in the ran e of the several distributions it was 

must be borne. in mind in comparing t e several poly- 
Convenient intervals for grouping were found to 

K F o r  the 5 p. m. discrepancies, Z O O ;  for the 8 p. m., 
1.5'; for midnight, 0.S'. The several frequency poly- 
gons and their theoretical curves are shown in figures 
1 to 3. The fitted curves are of PearsonJs type IV. 

R necessary to use d 2 erent units of grou mg, which fact 

FIG. I.-Hlstogram and fitted rurve of Variation in daily d&cicpaiicy. Midnight 
record. Fredonia, N. T., 1916. 

On the basis of a year's record, it was found thnt: 
(1) Small discrepancies occur more frequently than large 
ones; (2) within the limits of the times of observations 
used in this study, the time of observation determines 
the probability of large discrepancies, the 5 o'clock 
averages producing many more large values than ob- 
servations made later in the clay produced; (3) positive 

Rff. 2.-Histogram and fitted curve of varkation In daily discrepancy, S p. m. record. 
Fredonla, h . S., lUl6. 

discrepancies are of more frequent occurrence than nega- 
tive ones, thus causing. the approsimnte mean n1inuid 
temperature to be too high; these differences are wrenter 
the earlier the hour of observation; (4) no metyiod of 
using masinium and minimum toni erntures is ns esnct, 

or as the integration of the thermograph curve. 
as that based on the summation of E ourly temperatures 

The discrepancies in the annual mean temperature 
are: For the 5 p. m. observations, 1.21 rt0.1lo; 8 p. m., 
0.55 f0.08'; midnight, 0.20 f0.056'. Thus, from a 
pract,ical viewpoint, averages of daily maximum and 
minimuni temperatures, when the observations are made 
not earlier than 8 p. m., affect the annual mean tempera- 
ture so sli htly that the differences are negljgible for all 

hour introduce differences that niay be iniportant in 
some studies. A study of the standard deviations of the 
discrepancies supports these conclusions. Figures 1 to 
3 show the ranges. 

purposes, % u t  averages for observations earlier than this 

i':. ,: 

FIG. 3.-lTsto$y'am and fitted cwrw of variation in daily discrepancy, 5 p. m. record. 
Fredonia. N. I-., 1916. 

The grent,est discrepnncies occurred on the days of tho 
winter mont,lis, and the smnllest during the sunimer 
months. ,Tuly showed the smallest deviations. This is 
hccauso t,he clisturbnnces superposed upon t'lie normal 
i1iiirna.l temperature. curve are niost pronou!ice.d nnd 
iiTegu1a.r during tshe win t,er. The discrepancies intro- 
duced into the nienn moi~t~hly temperatures by the 
several series of observations are shown in figure 4. For 

FIG. 4.--Graph showing the variation In average monthly discrepancies during 1916. 
Fredonia, N. Y. 

meteorological urposes, these were perhaps not esces- 
give when the .p lour of observation was not earlier than 
S p. m., but, for biological purposes, it  is advisable to 
use thermograph avera es. 

The differences in t % e mean daily temperature be- 
tween successive days of the month were calculated for 
each series of observations, and i t  was found that on 
many davs t8he divergencies were escessive in every 
record. The only mean that can be depended upon for 
t-he investigation of either climatolog or biology, when 
daily difrerences are to be cornparel is that given by 
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instrumental error. The iiifluence on t,hc dust tmiperii- 53. 
ture (sf the pnfisage of $11~ plindow of a cumulus cloud is 53.1 

51.9 shown in the following t.rll110: 3:21 ._..._.__.__._ 51.6 

3:09.. . . -. . -. . _ _  _ _  
3:!7 .............. 
3%. . .. .. . . . . _. . . 

About sunrise tlie nest morning it was found that the 
temperature in the dust WLS about 27.8' C., in the air 
about 1 metar nbore tlie ground, 25.9" C.,, nncl in the grass 

(142' F.) W;LS oht.aiiied: in t!he grass 48.6" C. (130' F.) : 
in the air about, 3s" C!. (101' F.). In  this case it is noted 
that the breeze seenied to make litth difference with the 
temperatures of the dust. The masiniuni teniperature 
was obtained vihen the thermometer was placed in a 

:&o:::::::::::  
;E;;:::::-::::: 
3 z 3 0  _._._..____ 

:E:::::::::::::: 
$$:::::::::::: 
3:a. ..-.. ........ 
a h . .  . . . . . . . . . . . . 
- 

E:; 
5.1.7 

$:: 
:;:; 
40.8 

3s. 5 

24-70 C!. Ill the aft,erllooll, wit,h the thermomet,er placed 
under 3 or 3 mni. of dust,, n tempernture of 61.3 c!". 

3:27:30. .-. . . . . . . . 45.3 

3:33.. . . . . . . . . . . . . 40.5 

expected to be com.parcrb1e. 
8 o'clock in the eveniii 

The taking of reRdings before 
is not to be recommeiicled for 

amy pur ose, owing to % t e extreme differences thst will 
be intro $ uced in the averages. 

rosimate meaiis introduce rathor large errors, especial P y 7 

When daily means are used in the suninintion of 
effective temperatures, or of temperature co-efficients, 
for the study of thermal iiiiiueiice in botany and zoology, 
thermograph nvera.ges alone should be used, since a - 

c uring the spring months, as is sho\\-n in Table 1 .  
The U. S. Weatiier Surenu practice being to average 

the temperature estrenies Dom iiiiilniglit to midnight, 
the normals so computed arc adequate for meteorologic~al 
purposes. In the case of cooperative obserrers, u-110 
have no therniogrnpii record by miiicli to do titis, records 
taken at 8 o'clock in the evening appear to be the most 

Sun h3d been'shining for some time. 
Begid ofcllmulus sl,sdo\v. 
Inrlood%ndoa. Skycover0.6St.Cu.,O.2C1.St. 
Bt.ill in shadow. 

Slm~&,pearing. 
S trogy l ig l l t .  

I.bo. 

D ~ .  
Under grass. about 1 cm. Irom top 01 s. and so 

p l a c a t  direct sunlight did not stncbulb.  In 
poor aircirrulation. Strong sunlight. 

S m ~ ~ P w l l r e '  

Ligt:.louds- 

Verv lightclouds 

-<ir temperature on roof of mreestmy building in t h e  
Be&niug of thick cloud. Gusty east rind. 

mometer shelter. 

TABLE l.-SummatiOn of ddly mean temperatures above J9O P., %&I, 
N. Y., 1916. 

(From Apr. 11 to the end of the month indkated.) 

I April. I May. I June. 1 July. 1 nupast. 

!l!hennograph _._...... 
Midnight _._.......... 
9p .m ...___.._....._. 
5p.m _._.__.......... 

desirahle if niasinium tlnd minimum thermometers axe 
in use, since the errors of computation introduced are 
not esmssire, and the hour is convenient for the observer. 
Rhe11 tlie variation of the esposure of the instruments 
is considercd, it is doubtful whether any important gain 
iil the acciiracy in the mean temperature for a month 
would be secured by furnishing cooperative observers 
with thermographs. Such are essential for biological 
purposes, however. 

HIGH RELATIVE TEMPERATURES OF PAVEMENT SURFACES. 

By G. S. EATON. 
[Abstracted from the Engineering New-Record, Nar. 27,1919, p. 633.1 

Mxsimum temperatures, relntirely high with res ect 

versa I Portland Cement, C'o., on nspha&, brick, and con- 
mete surfaces. Froxn 11 a. ni. to 6:30 p. m. the average 
readings for the three ty es of suifaces in tlie order 

terest with respect to the effect of these high temperatures 
on rubber tires, horses' hoofs, and shoe leather. It, is 
known that a large part of the tire trouble ex erienced b 
motorists is due to espansion of the air due t80\eat. Hi& 
pavement tempera tures would doubtless play a large part 
in aggravating this condition. 

to ad'acent locations, were found by enoineers of the P Tni- 

named were l lSO,  l lSo,  nn 4; 10s". This is of special in- 

157307-2- 

"Durino tlie middle of the day the effect of the ave- 

from 32, to 45' hi her than over a lawn in the sun. Tem- 
perahres above t a e pavements were found to be much the 
same, however, re ardless of the ty e of surface. Over 

concrete and one-half degree higher than above the brick. 
-4ft.e.r 7:30 p. m. the t.em eratures above the surfaces were 

presence of large lawns and shade trees probably hastened 
the cooling and somewhat different results might be ex- 

ments in Reatin the air above them was noticeab P e, as 
thermometers 1 5 oot and 4 feet above the roadways read 

the asphalt,, tdierea 2 ings averaged 1' figher than above the 

practically the same as t, 1 ose of the surrounding air. The 


